Phospholipid composition of 10 Bifidobacterium strains of human intestinal origin and of 9 Lactobacillus strains was determined by quantitative two-dimensional thin-layer chromatography. Phospholipids of three Bifidobacterium strains from honey bees and of two strains from bovine rumen liquor were qualitatively investigated. Diphosphatidylglycerol and phosphatidylglycerol were present in strains of both genera. All Bifidobacterium strains contained as specific phospholipids a new polyglycerolphospholipid, compound 15, and its lyso derivatives, earlier detected in B. bifidum var. pennsylvanicus. Also, lyso compounds of diphosphatidylglycerol and alanyl phosphatidylglycerol were only present in this genus in variable amounts. Lysyl phosphatidylglycerol was the only ninhydrinpositive phospholipid in seven Lactobacillus strains. In L. delbruckii and L. helveticus it was absent and partially replaced by an unidentified ninhydrin-negative phospholipid. The differences in phospholipid composition between bifidobacteria and lactobacilli may be another argument to differentiate these two genera.
Phospholipid composition of 10 Bifidobacterium strains of human intestinal origin and of 9 Lactobacillus strains was determined by quantitative two-dimensional thin-layer chromatography. Phospholipids of three Bifidobacterium strains from honey bees and of two strains from bovine rumen liquor were qualitatively investigated. Diphosphatidylglycerol and phosphatidylglycerol were present in strains of both genera. All Bifidobacterium strains contained as specific phospholipids a new polyglycerolphospholipid, compound 15, and its lyso derivatives, earlier detected in B. bifidum var. pennsylvanicus. Also, lyso compounds of diphosphatidylglycerol and alanyl phosphatidylglycerol were only present in this genus in variable amounts. Lysyl phosphatidylglycerol was the only ninhydrinpositive phospholipid in seven Lactobacillus strains. In L. delbruckii and L. helveticus it was absent and partially replaced by an unidentified ninhydrin-negative phospholipid. The differences in phospholipid composition between bifidobacteria and lactobacilli may be another argument to differentiate these two genera.
Bifidobacterium bifidum var. pennsylvanicus, previously designated Lactobacillus bifidus var. pennsylvanicus, was isolated from the feces of breast-fed infants by Gyorgy et al. (9) as a microorganism requiring human milk for its growth. Human milk contains D-glucosamine derivatives used by this organism as a substrate for cell wall synthesis (1) . Some synthetic N-substituted Dglucosamine derivatives also promote growth, because they deliver the glucosamine unit essential for cell wall synthesis (12) . Biochemical changes in this organism after cell wall inhibition have been studied in our laboratory (5, 6, 22 (3, 8, 10, 11, 19, 20) .
A study of the lipid composition of both genera is also important for taxonomical reasons. Several authors concluded, mainly on the basis of biochemical differences, that bifidobacteria constitute a separate genus Bifidobacterium and should not be classified in the genus Lactobacillus (7, 14, 17, 24, 25 Characterization and determination of the phospholipids. Phospholipids were extracted with chloroformmethanol mixtures as described previously (5) . Phospholipids from species of both genera were identified by silica gel paper and two-dimensional thin-layer chromatography and by analysis of the products obtained by mild alkaline hydrolysis. Procedures and reference compounds were given previously (5). The phospholipid composition was determined by quantitative two-dimensional thin-layer chromatography of 32P-labeled phospholipids (5) .
RESULTS
Phospholipids of Bifidobacterium strains could be well separated by two-dimensional thin-layer chromatography. Figure I shows one autoradiogram of 32P-phospholipids of strain S337. The phospholipid composition of all Bifidobacterium strains investigated resembled that of the pennsylvanicus variety (5) . Because of the irregular growth of the organisms, great variations were sometimes found in the percentages of the individual phospholipids of human strains, even though the cells were harvested at the same pH (Table 1) . In all strains from human and animal origin (Tables I and 2 ) investigated, we detected compound 15 and its lyso derivatives (compound 17 and 18). In the human strains, their total percentages ranged from 19 to 84%. Diphosphatidylglycerol and both its lyso derivatives (compound 4 and 10) were absent only in the human strain B. bifidum B5(S335). In the strains from honey bees, the lyso derivatives could not always be detected, presumably because of the very low concentrations of these compounds. Alanyl phosphatidylglycerol was detectable in some strains at very low concentrations, but no other amino acyl phospholipids were found.
Compound 15 Table 1. be detected in any of the Lactobacillus species (Fig. 2 and 3 and Table 3 ). Phosphatidylglycerol and diphosphatidylglycerol were two of the main phospholipids in all strains. Lysyl phosphatidylglycerol, which was present in seven out of nine species, was characterized as follows. It was ninhydrin positive and had the same mobility upon thin-layer chromatography and paper chromatography on silica gel-loaded paper as the reference lysyl phosphatidylglycerol isolated from Bacillus megaterium MKIOD. It was labile to mild alkaline conditions as was demonstrated by the formation of phosphatidylglycerol during the first development with the alkalinic solvent. Lysyl phosphatidylglycerol could not be detected in L. delbruckii and L. helveticus (Fig. 3) . In these organisms another ninhydrin-negative polar phospholipid was detected, which yielded glycerophosphorylglycerol upon mild alkaline hydrolysis. In L. casei the distribution of the phospholipids was independent of the pH of the medium at the time of harvesting. No other ninhydrin-positive and no Dragendorf-positive phospholipids could be detected in any of the Lactobacillus strains examined. DISCUSSION Bifidobacterium strains ferment glucose via a pathway differing from that found in the lactobacilli, i.e., the fructose-6-phosphate shunt (14, 24, 25) Diphosphatidylglycerol, phosphatidylglycerol, and lysyl phosphatidylglycerol were detected in L. acidophilus by Houtsmuller and van Deenen (10) and in L. casei by Thorne et al. (19, 20) . The absence of phosphatidylcholine, phosphatidylethanolamine, and phosphatidylserine in lactobacilli was also reported in some previous investigations (8, 10, 11) . Thorne (19) , however, detected phosphatidylcholine and phosphatidylethanolamine in L. casei. L. casei and L. plantarum were unable to synthesize lecithin as established by Goldfine and Ellis (8) .
The polyglycerolphospholipid compound 15 and its lyso derivatives, the alanyl phosphatidylglycerol, and the lyso derivatives of diphosphatidylglycerol, were present only in the Bifidobacterium strains. Lysyl phosphatidylglycerol was present only in seven Lactobacillus strains. The absence of the lyso derivatives of diphosphatidylglycerol in the lactobacilli could point to the same biosynthetic pathway for diphosphatidylglycerol in these organisms as described by Stanacev et al. (18) in Escherichia coli. Phosphatidyl glycerol is, in E. coli, the immediate precursor of diphosphatidylglycerol in a reaction involving the transfer of a phosphatidyl moiety from cytidine diphosphate diglyceride. By this pathway no lyso derivatives are formed. Studies on the exact structure and the biosynthesis of the polyglycerol phospholipids in the bifidobacteria are in progress.
The differences in the phospholipid composition between bifidobacteria and lactobacilli, especially in the polyglycerol phospholipids and the amino acyl phosphatidylglycerol, may be another means of differentiating these two genera.
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